Objectives: Bacteria of the genus Acinetobacter are increasingly being isolated in hospitals and are recognized as emerging nosocomial pathogens. Species identification is difficult and there is a need for simple molecular methods to differentiate between the species. Naturally occurring oxacillinase genes (bla OXA ) have been identified in several Acinetobacter species and their detection by PCR can aid in species identification. The aim of this study was to develop a multiplex PCR to identify intrinsic bla OXA genes (i.e. bla OXA-134-like , bla OXA-211-like , bla OXA-213-like , bla OXA-214-like and bla OXA-228-like ) from Acinetobacter spp. for use as a tool for rapid species identification.
Introduction
Bacteria of the genus Acinetobacter are recognized as pathogens that frequently cause nosocomial infections. 1 Although the most common Acinetobacter species involved in hospital infections are those belonging to the Acinetobacter baumannii group (A. baumannii, Acinetobacter nosocomialis and Acinetobacter pittii), other species, such as Acinetobacter haemolyticus, Acinetobacter johnsonii, Acinetobacter lwoffii and Acinetobacter ursingii, are sporadically recovered from clinical specimens and involved in nosocomial infections. 2 Acinetobacter calcoaceticus, although an environmental organism, is often found as a colonizer and is frequently misidentified as A. baumannii. 3 Species identification of Acinetobacter in routine diagnostic laboratories is difficult and these organisms are frequently misidentified. 4 Phenotypic and molecular techniques for species identification, such as DNA-DNA hybridization and amplified rRNA gene restriction analysis ('ARDRA'), are laborious and difficult to interpret, while semiautomated systems, such as API-20NE and Vitek 2, identify many Acinetobacter as A. calcoaceticus-A. baumannii (Acb) complex. 5, 6 Sequencing methods based on the rpoB gene, its flanking spacer regions and the 16S-23S rRNA gene spacer region are reliable for species identification, but it is unlikely that these sequencing techniques will be used routinely. 7, 8 More recently, a rapid PCR-based method for detecting gyrB genes was described by Higgins et al. 9, 10 This tool can also be utilized for species identification amongst bacteria of the Acb complex.
Genes encoding naturally occurring oxacillinases (OXAs) have been identified in several Acinetobacter species, such as bla (Acinetobacter radioresistens), bla OXA-51-like (A. baumannii), bla OXA-134-like (A. lwoffii/Acinetobacter schindleri), bla OXA-211-like (A. johnsonii), bla OXA-213-like (A. calcoaceticus), bla OXA-214-like (A. haemolyticus) and bla OXA-228-like (Acinetobacter bereziniae). 11 -15 The PCR detection of bla OXA-51-like has been proposed as a method to identify A. baumannii. 16 Amongst other species, the detection of bla OXA-134-like has been shown to be an alternative for rapid identification of A. lwoffii and A. schindleri. 17 This suggests that the detection of the genes harbouring intrinsic OXAs may be applied as a tool to identify these Acinetobacter species.
The aim of this study was to develop and evaluate a multiplex PCR assay to detect five species-specific gene subgroups encoding the intrinsic OXA-134-like, OXA-211-like, OXA-213-like, OXA-214-like and OXA-228-like as a potential method to rapidly identify A. lwoffii/A. schindleri, A. johnsonii, A. calcoaceticus, A. haemolyticus and A. bereziniae, respectively.
Materials and methods

Bacterial isolates
A total of 100 clinical isolates and type and reference strains were included. A. calcoaceticus (25) , A. bereziniae (9), A. haemolyticus (5), A. johnsonii (11), A. lwoffii (10) and A. schindleri (2) were selected from our own clinical culture collection. 9, 18 Clinical isolates of the species Acinetobacter junii (2), A. pittii (2), A. baumannii (8), A. nosocomialis (4), Acinetobacter beijerinckii (5), Acinetobacter guillouiae (2), A. radioresistens (2), A. ursingii (2) and the unnamed Acinetobacter genomic species 14 (2) were also included as controls. Species identification had been performed previously and was confirmed for all isolates by partial rpoB sequencing. 
Primer design
All primers used in this study were designed using Primer3 software (http:// bioinfo.ut.ee/primer3/). The DNA sequences of each bla OXA subgroup available in GenBank and those from whole genome sequences (Table S1 , available as Supplementary data at JAC Online) were aligned. Consensus regions of each subgroup were used to design five pairs of primers corresponding to their subgroups (Table 1) . To aid identification in a multiplex format, the sizes of PCR products were designed so that there was 100 bp difference between each subgroup.
Multiplex PCR
Multiplex PCR was undertaken in a final volume of 25 mL using Taq PCR Master Mix (Qiagen, Hilden, Germany) with a final concentration of 0.2 mM for each primer. Template DNA for PCR was isolated from an agar plate; a 1 mL loopful of a colony was suspended in 100 mL of PCR-grade water, boiled for 10 min, snap-cooled and briefly centrifuged. The amplification conditions were 948C for 3 min, followed by 30 cycles of 948C for 20 s, 558C for 20 s and 728C for 1 min, and final extension for 10 min. PCR products were analysed on agarose 1.2% (w/v) gels, stained with ethidium bromide and visualized on a UV transilluminator.
DNA sequencing and accession numbers
Flanking primers of each bla OXA subgroup were designed (Table 1) based on available genome sequences in the NCBI database. PCR amplification was performed following the same conditions as the multiplex PCR using Phusion hot-start high-fidelity DNA polymerase (Thermo Fisher Scientific, Schwerte, Germany) and products were sequenced in both directions. Novel sequences were assigned numbers by the Lahey b-lactamase database (http://www.lahey.org/studies/) and submitted to EMBL/GenBank under accession numbers KF203096 -KF203109 (bla OXA322-335 ), KF297577-KF297585 (bla OXA348-356 ), KF421160-KF421163 (bla OXA357-360 ) and KF460531-KF460533 (bla OXA361-363 ).
Results
All primers used in this study are listed in Table 1 . Sequencing rpoB variable regions 1 and 2 confirmed the species identity of the isolates. The bla OXA primers were initially tested as a multiplex against all isolates in order to evaluate their specificity and sensitivity. When an isolate gave a positive PCR product, the bla OXA gene was re-amplified using the flanking primers and sequenced. This strategy allowed us to design new primers where appropriate. For example, the original primers designed to amplify bla OXA-134-like (A. lwoffii/A. schindleri) also amplified bla OXA-228-like (A. bereziniae).
In this case, new primers were designed and tested as a singleplex to determine the optimum conditions before multiplexing (data not shown).
The multiplex PCR assay using five pairs of primers amplified the intrinsic bla OXA genes of each subgroup as predicted. The PCR products, ranging from 158 to 693 bp, were easily separated and visualized on an agarose gel ( Figure 1 ). All A. lwoffii/A. schindleri, A. johnsonii, A. calcoaceticus, A. haemolyticus and A. bereziniae isolates were positive for their species-specific amplicons whilst all isolates of the other Acinetobacter species were negative (including A. baumannii isolates harbouring other intrinsic and acquired bla OXA s). A modification of this multiplex, addition of rpoB primers 696F and 1598R as internal control as previously described, was also evaluated. 17 The high annealing temperature we used for the multiplex led to a reduced rpoB amplicon concentration, especially in isolates that were positive for bla OXA (data not shown). However, species that are negative for bla OXA could be identified by sequencing the rpoB PCR product.
Sequencing bla OXA identified 30 new variants (Table S2 , available as Supplementary data at JAC Online). The majority of these were from A. calcoaceticus, where we found 23/26 isolates with a novel variant. Twenty-one new variants of bla OXA-213 were identified. The range of amino acid substitutions encoded by these genes when compared with bla OXA-213 was from 23 (97.2% similarity) to 59 (92.8% similarity). A premature stop codon was identified in three isolates: A. calcoaceticus (2) and A. johnsonii (1). Flanking primers (G56/G57) gave an 3 kb product size in four A. haemolyticus isolates. Sequencing of the amplicons identified an IS element upstream of bla OXA-214 with a BLAST match to ISAba11 (97.8%). The presence of ISAba11 was not associated with imipenem or meropenem resistance by Etest using EUCAST guidelines for interpretation. ISAba11 is an emerging IS family encoding transposases. 19 This IS element is not commonly responsible for carbapenem resistance in Acinetobacter spp. However, ISAba11 was reported to be related to high-level colistin resistance in A. baumannii. 20 Additionally there is a report that the bla NDM-1 region in a plasmid found in A. pittii isolates was flanked by ISAba11 and ISAba125. 21 We were unable to sequence bla OXA from four isolates-A. lwoffii (2), A. johnsonii (1) and A. schindleri (1)-despite redesigning primers several times. Sequence analysis based on published and our own data revealed the DNA flanking these Kamolvit et al.
bla OXA s to be very variable and a clear consensus was not possible (data not shown). However, these four isolates had their species identity confirmed by rpoB sequencing and were positive by multiplex PCR for their intrinsic bla OXA .
A phylogenetic tree of intrinsic bla OXA s both used and identified in this study was constructed (Figure 2 ). Each subgroup clustered in one of five distinct branches. The results show that A. lwoffii and A. schindleri intrinsic bla OXA s were very similar and clustered together in one main branch. Therefore, it was not possible to differentiate between them in the current multiplex PCR format. To further identify these species, an alternative method, such as rpoB sequencing, should be applied. 8 
Discussion
The results of the multiplex PCR assay for genes encoding intrinsic species-specific bla OXA s showed that the assay was well correlated between OXA subgroup and predicted amplicon size. There was no PCR product amongst the other Acinetobacter species tested, suggesting the assay is specific and sensitive enough for detection of intrinsic bla OXA s. Therefore, this method has potential to be used as an alternative, rapid tool to confirm species identification of A. lwoffii/schindleri, A. johnsonii, A. calcoaceticus, A. haemolyticus and A. bereziniae.
Intrinsic bla OXA s are capable of conferring carbapenem resistance when overexpressed. For example, bla OXA-51-like , bla OXA-228-like and bla OXA-23-like , when adjacent to insertion elements, cause carbapenem resistance. 22 -24 Some of these intrinsic genes have also been detected in other species; bla OXA-23-like has become the most commonly acquired carbapenem resistance determinant in A. baumannii and is also found in other Acinetobacter species, and bla OXA-51-like was reported in A. nosocomialis. 25 -27 In these instances mobilization was associated with ISAba1, which encodes not only a transposase but also a promoter, leading to overexpression of the OXA and resulting in carbapenem resistance. Intrinsic OXA in Acinetobacter spp.
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JAC Therefore, detection of bla OXA should not be the only identification method because there are no data on the distribution of these bla OXA s into other species. However, in the present study we have not detected these bla OXA s in other Acinetobacter species that are not known to intrinsically harbour these genes. We identified ISAba11 located upstream of bla OXA-214 in four A. haemolyticus isolates. Even though our findings showed that ISAba11 was not associated with carbapenem resistance in A. haemolyticus, this IS element is also found in A. baumannii 19, 20 and may potentially help facilitate mobilization of bla . Hence the multiplex PCR we describe can also be used to screen isolates to determine whether there is dissemination of these bla OXA s into A. baumannii when there are no other carbapenem resistance determinants detected.
Large variation in A. calcoaceticus bla OXA is unsurprising given that this species is widely distributed in the environment. Conversely, A. lwoffii, A. johnsonii, A. haemolyticus and A. bereziniae, which are mostly recovered from human clinical specimens, show less variation of their bla OXA s. It is also worth noting that the A. baumannii intrinsic bla OXA-51-like also shows a lot of variation, but phylogenetic analysis of this species shows that bla OXA is related to epidemiological grouping and carbapenem resistance. 28 The variation in A. calcoaceticus bla OXA thus warrants further study.
In conclusion, this multiplex PCR specifically detects each of the five different bla OXA subgroups that are associated with a distinct Acinetobacter species or, in the case of bla OXA134-like , two species. Therefore, this method has the potential to aid in the identification of these species and monitor the spread of these genes into other Acinetobacter species.
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